Motivation
Globally, the automotive industry has sold more than 71 million cars in 2014, up 3.5% compared to 2013 and the fifth record sales year in a row [1] . Nevertheless, the global automotive industry faces multiple challenges such as changes to the market, regulation, and the emergence of new competitors.
Diversification of regionalized markets
While most European automotive markets remain weak, the US market has recovered from crisis, the Chinese market is slowly growing [2] , the Indian market is inconsistent, while Russian and South American market shares are decreasing [2] . Car companies try to succeed in promising markets by applying different global product and production strategies. For example, Volkswagen offers the VW Lavida exclusively for the Chinese market [3] and General Motors developed its brand Buick to successfully appeal to Chinese customers [4] . Some premium brands offer the same worldwide portfolio but have introduced long wheelbase derivatives (even for mid-size cars) and adjusted interior options to reflect regional preferences. Global markets and different customers' needs have led to a huge growth in automotive derivatives leading to complexity in manufacturing.
Strict and dynamic regulations
By 2021 the average of the portfolio of an automotive original equipment manufacturer (OEM) has to stay below EU's limit of 95 g CO 2 emission per kilometer [5] . Similar regulations have been imposed in all major markets including China. In Elmau, Germany in June 2015, the G7 states agreed to a zero-carbon emissions economy by 2100. However, car makers are already working very hard to stay below current emissions standards [6] . Besides the ongoing optimization of internal combustion engines, companies' R&D activities focus on alternative powertrains like plug in-hybrids, battery electric vehicles and fuel-cells. Because of uncertainty of future regulations and customers' acceptance of the new technologies, flexibility in the existing car plants becomes crucial.
As important as the powertrain itself are improved aerodynamics and lightweight construction which are also influenced by emissions regulations leading to additional complexity in design, material and production phases. For example BMW has introduced a CFRP-intensive (CFRP = carbon fiber reinforced plastics) body in its BMW i3 (for details see [7] and for sales figures [8] ), Ford uses aluminum in extensive ways [9] and several OEMs show complex multi-material-bodies. Again, the influences of those approaches on the production are significant. OEMs have to build up new know-how on processes and materials e.g. for the usage of CFRP [10] and multimaterial-bodies change the requirements of the used joining technologies and thus leading to new approaches in the bodyin-white production and its automation. Those examples show how manufacturing has changed its role from restrictor to an enabler and how production related issues have to be integrated in the very early phase of design (compare [11] ).
New players and competitors from other industries
The current content of electronics and software of a car is 35% ([2] referring on M. Broy, TU Munich) and electronics systems comprise of more than 90% of innovations and new features of cars [2] such as semiautonomous driving like automatic parking, lane-keeping assistance or sensor-based reporting [2] . Moreover, information and communication technology (ICT) becomes a crucial enabler for more efficient automation and operational excellence inside the manufacturing plants [12] . The authors call this ongoing rise of the importance of ICT in the automotive industry -in both products and production -the ''digitalization'' of the automotive industry.
Well-known ICT companies from Silicon Valley or China have been entering the car market. Today they are mainly partnering with the automotive OEMs in the fields of in-car infotainment [13, 14] . In addition to those systems, Google has been testing its own self-driving car [15] and rumors about an Apple car have been circulating [16] . Recently there have even been speculations on a joint approach of Apple, BMW and Magna [17] . However, it is questionable whether the ICT giants are really going to enter the automotive OEM business which has a smaller profit margin compared to consumer electronics and Internet business. Regardless of the ultimate business model, ICTs will be a tremendous part of the value of any future premium car which could lead to tough competition, new alliances and business models among established automotive suppliers and the carmakers with ICT companies.
In addition, ICT approaches, namely the ''Internet of Things'' have become one of the strongest enablers for robust, flexible and efficient manufacturing especially when it comes to increased complexity and variety (compare Sects. 1.1 and 1.2). ''Industrie 4.0'' [12] or the Industrial Internet [18] is a major trend in worldwide manufacturing. Bosch even expects to achieve 30% efficiency increases by implementing Industrie 4.0 in their manufacturing [19] . With respect to the above mentioned challenges of different markets, customers, and technological complexity, Industrie 4.0 and its core technologies such as secure plug & work-solutions for reconfigurations of machines, augmented reality based assistance devices for workers, cyber-physical systems with inexpensive sensors to automatically collect data in value streams, machines and components as well as machine learning and big data algorithms can be seen as enablers for car makers towards flexible automation, scalable model-mix-factories as well as a boost for the next step of operational excellence and lean production [20] . Table 1 shows the aforementioned challenges and collects their discussed impacts on cars and their production plants. These impacts have the potential to change the value chain of automotive industry in general, which will be analyzed in this paper. On the one hand side there is a need for innovation in almost all fields of the established car business e.g. in engines, in materials and in manufacturing and on the other hand, ICT companies become competitors and question the importance of these technological fields as well as the importance of own value creation. The later point is closely related to the scope of this paper.
Literature review
Before introducing and applying the methodology of scenario technique to illustrate potential pictures of the value chains of the future, a short literature review on the importance of an own value creation in established industries is given. The role of own manufacturing will be treated as a major influencing factor in the illustrated scenarios later on.
Importance of the production depth in literature
Decisions related to the question of which components or products a company should manufacture with own resources or buy on the market are called ''make-or-buy''-decisions and are fundamentally important for a company as a whole [21] . More generally speaking, it is the strategic decision on the production depth of a company. The OECD defines the production depth of a nation as an ''indicator [which] reflects the share of national production that is created in the country itself'' [22] . Here, the production depth of a company (or of one of its products) is defined as the value added content created by a company itself (compare definition of Dürr [23] ). Shifting parts of the value creation (or services) which have previously been done inside a company to external suppliers or partners is called outsourcing, while bringing it back is called ''vertical integration'' (or insourcing). There are multiple reasons for outsourcing and industrial cases have shown that it can be especially helpful in: d reducing costs by outsourcing selected activities (catering services or production of parts of lower priority like normed screws) by benefitting from the suppliers' economies of scale, d speeding up development by creating a close cooperation with specialists benefitting from the suppliers' economies of scope [24] , d enabling innovative features by cross-industry cooperation, d reducing complexity inside the company and focus own limited resources on market-/brand-and quality-relevant components and features, d fulfilling local-content requirements (regulated by governments), d hedging against currency exchange rate fluctuations (by using suppliers in the corresponding regions), d increasing flexibility (e.g. to keep job-shopper trained as capacity extenders in volatile markets).
Outsourcing has been a major topic since the 1980s [25] and consequently, a lot of research has been carried out to understand the complex influences it might have on a company's (long-term) performance. To get an overview of the focused issues, an analysis was done of the articles listed in Scopus. Figure 1 shows the breakdown of related articles by major effects: cost, innovation, flexibility and quality. Articles were counted which contain in their abstracts the term ''outsourcing'' and the terms ''manufacturing'' or ''production'' and in addition one of the four named effects: cost, quality, innovation and flexibility.
While well-known sources like Stuckey and White [26] warned companies only to vertically integrate ''unless it is absolutely necessary to create or protect value'', Lacity et al. found that empirical findings on outsourcing are conflicting [27] . Some authors identified negative relationships between outsourcing and indicators like market share when outsourcing reaches a level over a certain optimum [28] . Other studies showed that outsourcing really reduces operational costs [29] . Fuchs and Kirchain showed how wages, yields, downtimes and other parameters are dependent on the location of a factory and demonstrated that with real case data from the optoelectronics industry [30] . They discovered that a geographical separation of design activities and production is difficult in this innovative industry and potentially others using immature processes. Steven et al. presented an empirical study of links between outsourcing and product recalls, in which they used data from different industries and found outsourcing has a negative impact on quality performance, particularly in case of offshoring, outsourcing to a partner abroad [31] .
From the perspective of the authors of this paper, literature and industrial cases both have proven that there are good reasons for outsourcing, but the more important the interlinkage between product and production gets, the more difficult it gets to find an optimal balance in terms of quality performance [31] , speed to innovate or time-to-market [30, 32] .
Fundamentals of scenario technique
Scenario technique, e.g. implemented by Gausemeier et al. [33] , is a well-established method to find feasible perceptions of the future in order to be able to prepare for it -either to avoid risks or to take advantage of chances [34] . It is an instrument used to think about the future in a structured way [33] . Therefore this method takes into consideration an understanding of influencing factors, collects their potential future realizations and finally combines them in multiple futures. Figure 2 illustrates scenario creation steps using Gausemeier et al.'s description. After defining the scenario base, also known as the decision field in its current situation, the methodology is as follows:
Step 1: Scenario-Field Analysis. In this step, internal and external influencing factors of the decision field, such as that of an automotive OEM are collected using various methods. After brainstorming influencing factors they are filtered to gain a manageable amount of factors (e.g. below 20). d Step 2: Scenario-Prognostic. For each remaining factor the potential future realizations are described. These projections should define a ''window of opportunity'' containing the most likely and most extreme scenarios. d Step 3: Development Scenario. The obtained realizations are combined with each other leading to several thousand (due to combinatorics) ''pictures'' of the future. Eliminating those with contradictory assumptions and summarizing similar ones to clusters, leads to a manageable size of consistent pictures, which can be described into prosaic descriptions of the future.
Scenarios for the future of automotive industry
Selected core competences and current business model approaches of the automotive and the ICT industry are used to describe the effects ''digitalization'' may have on the automotive industry and their value chain. The focus is on premium 
Influencing factors
Automotive OEMs' strategy towards their own value creation with respect to the automotive strategy of ICT giants is the core of this observation. Therefore, when identifying influencing factors, the current enablers of the business models of ICT giants in the new economy and today's exclusive core competencies of the automotive OEMs are observed at first. The former focuses on benefitting from (personalized) advertisements enabled by collected customer data [36, 37] and the later on holistic system knowledge leading to driveability, safety and quality. The term ''quality'' is used to describe a complex system like a car which is very reliable and has well-balanced characteristics. Figure 3 illustrates the collected factors and their potential interdependencies.
It is assumed that increasing cost pressure (alone) hints at decreasing own value creation of the OEMs. Product variety and technological complexity among others caused by the introduced aspects of shifts in markets, alternative powertrains and lightweight construction approaches influences the OEM's production depth, too -however, this influence is not necessarily heading into one clear direction. Some companies outsource to reduce complexity while others want to handle it internally expecting to gain synergies out of platform approaches more easily. In general it is assumed that electric 
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Scenario-Development Potential Realizations Figure 2 . Process of scenario creation [33] . mobility leads to a decrease in production depth [38] . ICT companies strategies in the field of automotive are seen as dependent on the customers willingness to share their data which in turn is used for advertising and offering of new services. Moreover, their strategies are supposed to be affected also by customers' expectations towards driveability and (passive) crash safety of a future car -as fulfilling these requirements is usually seen as a major competence of the established automotive OEMs [17] .
The role of ICT in manufacturing like the Industrial Internet affects strategies of automotive OEM and ICT companies. The effect of ICT in manufacturing is discussed from improvements in efficiency up to an enabler of simplification of manufacturing so that manufacturing knowledge might not be a crucial success factor anymore -in extreme terms: production might become commodity. However, in this analysis, companies offering ICT-solutions for manufacturing are seen as separated and decoupled from the ICT giants in the B2C-business (business to customer) which are potential candidates for entering the car market. Moreover, influencing factors like the value of brands, customers' psychology and the importance of styling are not covered by the analysis in this paper but have major impact on product development strategies of all players.
Potential realizations
In accordance with scenario technique, for each factor several options have been defined as potential realizations in the future as given in Table 2 .
In order to manage the complexity of the data, some options were excluded such as the greyed out boxes in Table 2 . Most of them are seen as unlikely, such as a decrease of cost pressure or variety (compare Sects. 1.1 and 1.2), while others were combined whenever they did not lead to significantly different implications (e.g. to the term ''at least as high as today'').
Consistent pictures
In the last phase, the remaining options were put together into four pictures describing a future industrial structure ( Table 3 ). The major goal was to define consistent paths for ICT companies and automotive OEMs. It has been assumed that ICT companies are willing to become automotive OEMs only in those scenarios where customers' data has the utmost importance in their business models. One might argue that is not necessary to develop a whole car to collect customers'data, but, this approach assumes that the data sovereignty first and foremost stays with the manufacturer. All these assumptions may change as business models continue to develop, but seem consistent with today's perspectives and expectations. However, the value of customers' data might change suddenly e.g. in case of privacy violations followed by a loss of confidence by customers. Picture 1 in Table 3 could be entitled ''ICT companies overrule established automotive industry'' and describes a state in which only some of today's automotive OEMs can survive. Due to ''Industrie 4.0'' production becomes commodity and almost anybody is able to manufacture a car. The survivors of the automotive industry will focus either on the design e.g. of specialized crash-structures for cars or become contract-manufacturers for the cars styled and sold by ICT companies.
The second picture is highlighted as ''ICT companies become suppliers and competitors'' and is a scenario, in which manufacturing knowledge remains important. Today's ICT companies become first tier system suppliers but might also conquer some specific markets (like urban cars) with own cars as well. However, the major goal of these companies in this scenario is to have direct access to the passengers inside the car during fully-or semi-autonomous driving to offer their medial content. Other ICT approaches like ''Industrie 4.0'' lead to significant increases of efficiency in manufacturing (but not to commoditization). However, companies with a significant As it is: only major core components
Decreasing by using commodity to save costs amount of own value creation benefit from a deeper understanding and knowledge leading to faster ramp-ups of new cars and better quality. In this picture, automotive OEMs use these effects as well as their competences in term of driveability to further boost innovation, defend profit margins and to keep cars made by the ICT companies in niches. Picture 3 is called ''ICT companies become suppliers but define major product-differentiation'' and describes again a situation in which almost anybody is able to manufacture a car in ''Industrie 4.0''. As customers expect high connectivity more than anything else, the diversification on the market is driven mainly by the ICT companies and their brands. That is why automotive OEMs focus on highly standardized, cost-efficient platform approaches. The ICT companies become tier 1 suppliers and gain the highest share of profit margins in the value chain. However, they do not see an additional potential by offering own cars themselves.
The last picture could be called ''ICT companies stay outside the automotive business''. It is based on advantages of ICT in terms of efficiency in manufacturing (e.g. by Industrie 4.0) but not in the car itself. That is why the established automotive OEMs are in a competition among each other but do not face new competitors from ICT.
Implications on production depth
The authors expect picture 2 to be most likely. In this section major aspects and reasons of this opinion are discussed starting with a view on ICT inside a car, followed by a statement on the importance of manufacturing know-how which seems to be supported by latest adjustments of OEM's production depths.
The business model of the ICT companies is based on collecting and managing customers' data in order to offer services and personalized advertising on a massive scale. It is quite obvious that there will be a huge potential for such business models interacting with the passengers when driving autonomously. From today's perspective it is very likely that the ICT companies with their infrastructure and methodology will try to take advantage of this. An open question is the data sovereignty and the business case for sharing customers' data between customer, automotive OEM and ICT companies.
As stated in Table 2 , one potentially new role of ICT in manufacturing might lead to a commoditization of production by making operational excellence almost trivial when using the right ICT systems. In contrast to that, the second aspect of the discussion in this section focuses on an observation which is called ''technology-multiplier'' by the authors. This effect deals with new manufacturing technologies (compare Table 1 ) which cannot be substituted by any ICT solution. Its multiplying effect is based on the assumption that companies with a high share of their own value creation (deep production depth) are able to learn faster and as a consequence are able to innovate faster, to shorten the time-to-market and to develop and produce complex products with higher accuracy or at a lower cost. This assumption should not be generalized or misunderstood, as, when outsourcing components to suppliers -in the right selection and balance -there are proven potentials enabled by specialization and economies of scale among others, as stated in the literature review. However, there are some indications that (own) manufacturing in general seems to get more important:
d Production-Push-Approach: the view on manufacturing technologies has changed from a restrictor to an enabler of new product features. Examples of such enabling manufacturing technologies are laser technologies for micro-structuring of bearings, aluminum-aluminum resistance spot welding (RSW) in body-in-white manufacturing [39] , additive manufacturing or resin transfer molding (RTM) to produce CFRP-parts [40] in series. d Simultaneous Research: the mentioned complexity and variety of products as well as the fact that almost every new premium car requires at least one first-time application of a new manufacturing technology necessitate a close interaction between product design and production, and in doing so, a new dimension of simultaneous engineering is created [41] . As it is d Point of Industrialization: to integrate a new manufacturing technology into series production (known as ''industrialization'') at the right time in terms of a balanced cost-benefit-ratio is of crucial importance [41, 42] , being too late might lead to lost sales or lost cost savings but being too early might lead to increased costs due to the application of a pre-mature technology leading to higher scrap rates, lower speed or bad reliability.
Besides those suggestions made by the authors, there are some hints that OEMs might increase their own value creation. Already in 2007, BMW decided to increase their production depth which was at that time between 25% and 30% [43] . Recently, the importance of OEM's own value creation has been underlined impressively by Porsche AG: for approximately 20 years Porsche was famous for a very low production depth (e.g. 12% for Porsche Cayenne [44] ). But in early 2015 the company announced to increase its own value creation for at least the 10-20 most important parts related to quality or brand/image [45] . Japanese OEM, Toyota, itself has a quite low production depth but the depth of Toyota's company grouping (''Kairetsu'') is about 76% [46] . Similarly, Korea's Hyundai is also known for a high degree of value creation within the company grouping [47] . In 2012, Wyman forecasted an average global production depth of OEMs of 29% by the year 2025 [38] .
Additional implications
Besides these findings on future value chains an aspect related to the question of gaining money out of the digitalization in products and production, should be discussed. Therefore, product and production shall not be treated as decoupled anymore. ''Industrie 4.0'' and autonomous driving (which could be called Mobility 4.0 in this analogy) use quite similar technologies such as various types of (optical) sensors, data fusion systems and decentralized decision making algorithms. Table 4 collects key enablers and potential approaches of Industrie 4.0 and Mobility 4.0. However, autonomous systems like automated guided vehicles in logistics, augmented reality solutions in technical services or condition monitoring systems for predictive maintenance in manufacturing plants are far behind the achievements of autonomous driving. Consequently there might be a chance for ICT companies in addressing both, cars and car factories, with their technologies and solutions in the future.
Today, the usage of advanced product life cycle management systems linked to manifold simulation tools and Big Data algorithms is state of the art during the product development of a car. However, the automotive development processes of today are still static and inspired by pre-defined quality gates. There might be a chance for even more efficient product development in the automotive industry by adapting ICT companies' agile development processes especially when facing volatile markets. Of course, the adaptation of agile methods to automotive has to ensure the same high-quality outcome of today's automotive processes. Successful approaches have already been presented in reference [48] . As a consequence ICT companies might be able to learn how to increase the robustness of their products without losing speed during development.
Closing remarks
This paper has presented potential outcomes of the current convergence of the old and new economy as represented by the automotive industry and ICT companies. Digitalization in terms of the rising importance of ICT in production and products might have a strong impact on the automotive industry. However, the authors expect that manufacturing will not become ''commodity'' as manufacturing knowledge not only leads to improvements in operational efficiency but also drives innovations in fields, which ICT solutions cannot cover, e.g. CFRP-intensive bodies. Therefore automotive OEMs should carefully adjust their own value creation and continuously assess where their individual optimum is -taking into account the ability to innovate quickly. Moreover, global customers' expectations in terms of driveability, quality and safety as well as their behavior towards sharing private data must be observed continuously and very carefully. 
